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(57) The optical servo system for a medium drive 
(600) can provide additional capabilities beyond the pro- 
vision of read/write head positioning information. Auxil- 
iary information formed on the second side (101) of tape 
(100) can include encryption/authentication data, tape 
identification data or even maintenance information and 
read only data; parameters can be recorded on tape to 
indicate its initial state as well as manufacturing data. 
The optical servo system for a tape drive (600) can then 
obtain a measure of the wear on tape. Furthermore, the 
system can view the image of head between loads of 



tape to verify head integrity and identify any optical fea- 
ture defects. 

The servo tracks (1 1 0) can be coded to provide data 
relating to longitudinal positioning of tape to enable high 
speed searching or be used for tape velocity determina- 
tion. This auxiliary information is encoded into the servo 
tracks during the servo track writing process using mod- 
ulation that can be separated out from the basic servo 
signals by the digital signal processor (609). The auxil- 
iary information is then supplied to other drive or system 
processes in step (909). 
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Description 

Field of the Invention 

[0001 ] The present invention relates to servo systems 
for use with tape media and, in particular, to a servo sys- 
tem that makes use of optical tracking features formed 
on the back side of the tape to enable the system to pre- 
cisely align the read/write heads with the recorded data 
located on the front side of the tape. 

Problem 

[0002] It is a problem in the field of tape data storage 
media to accurately position the read/write heads with 
respect to the tracks of data written on the tape. In lon- 
gitudinal tape media, the tape typically contains a single 
recording surface on which is written along the length of 
the tape a plurality of parallel aligned tracks of data. In 
systems using high track densities (>200 tracks per 
inch) , the precise alignment of these data tracks with the 
read/write heads of the associated tape drive is accom- 
plished by the use of a plurality of servo tracks written 
on the tape recording surface, interspersed with the 
tracks of data. The servo tracks, typically written during 
the tape manufacturing process, function as a physical 
reference for the placement of the data tracks when the 
data tracks are written on the tape and for reading pre- 
viously written data tracks from the tape. The position 
information derived from the servo tracks is used by the 
tape drive to adjust the position of the movable read/ 
write head to enable the accurate reading and writing of 
data to and from the data tracks. 
[0003] A problem with this tracking system is that the 
number of data tracks written on the tape is limited by 
the need for servo tracks written on the recording sur- 
face to provide position information. There is a need to 
facilitate the development and use of future tape sys- 
tems with increased data capacity. This is often accom- 
plished by the increase in the number of data tracks and 
the amount of data placed in a given track. Due to the 
mechanical instability of tape media, higher data track 
densities require a decreased physical spacing between 
data and servo tracks to ensure the accurate alignment 
of the read/write heads with the data tracks. The de- 
creased spacing drives the need for increased numbers 
of servo tracks which, in turn, must share the tape area 
with data tracks. Furthermore, it is highly desirable for 
future systems to retain the ability to read the tapes 
made on earlier systems - this is termed "backward com- 
patibility". This backward compatibility requires the 
head positioning servos to be able to work on tapes with 
varying numbers of tracks and track configurations. This 
presents a design challenge and can force future drive 
designs to trade off between performance enhance- 
ments and backward compatibility. A further problem is 
that magnetically written servo tracks are susceptible to 
track erasure. Bulk erasure of the tape can erase servo 



tracks, drive system failure can result in the servo tracks 
being overwritten and corrupted - either of which can 
render the tape and its data useless. 
[0004] There are numerous servo track systems in 
5 use in the field of rewritable data storage media. Some 
of these are illustrated by the disclosures of the following 
patents. 

[0005] U.S. Patent No. 4,958,245, titled "Apparatus 
And Method For Optical Servo Control With Media Hav- 

70 jng Information Storage And Servo Control Regions Of 
Different Reflectivities" discloses an optical servo head 
to read position information from a disk on which data 
is magnetically recorded. The disk has a plurality of op- 
tical servo tracks formed thereon in the form of relatively 

15 nonreflective regions comprising concentric grooves 
formed in the reflective surface of the magnetic disk. The 
servo system illuminates a plurality of the reflective and 
non-reflective regions and uses a quadrature photode- 
tector array to achieve tracking. 

20 [0006] U.S. Patent No. 5,067,039 titled "High Track 
Density Magnetic Media With Pitted Optical Servo 
Tracks And Method For Stamping The Tracks On The 
Media" discloses a method for mechanically stamping 
the servo tracks on the optical disk during the disk man- 

25 ufacturing process. 

[0007] U.S. Patent No. 5,279,775 titled "Acousto-Op- 
tic Intensity Control Of Laser Beam During Etching Of 
Optical Servo Information Of Magnetic Media" discloses 
a system that etches servo tracks on a magnetic disk. 

30 Track following during the etching process is accom- 
plished by the use of an acoustic-optical device to main- 
tain the beam in concentric patterns, while a laser beam 
is used to etch the servo tracks, with the laser beam in- 
tensity being controlled by the acoustic-optical device 

35 [0008] U.S. Patent No. 5,283,773 titled "Steering La- 
ser Beam While Etching Optical Servo Tracks For Mag- 
netic Disks" discloses a system that etches servo tracks 
on a magnetic disk. Track following during the etching 
process is accomplished by the use of an acoustic-op- 

40 tical device to maintain the beam in concentric patterns, 
while a laser beam is used to etch the servo tracks 
[0009] U.S. Patent No. 5,462,823, titled "Magnetic 
Recording Materials Provided With A Photosensitive 
Layer" discloses a magnetic recording element that 

45 comprises a support layer coated with a magnetic re- 
cording layer and a photosensitive layer. Optical track- 
ing information is formed on the photosensitive layer by 
the exposure of the photoreactive surface using a servo 
track mask. 

50 [0010] The above noted servo systems all make use 
of servo tracks that are formed on the rewritable media 
on the same surface as is used to store the data. The 
servo information is typically in the form of servo tracks 
that are formed coextensive with the data tracks and in- 

55 terspersed among the data tracks. Therefore, the servo 
tracks occupy space on the tape that can be used for 
the storage of data. Furthermore, there is an inherent 
interaction between the use of servo tracks and the writ- 



3 



3 

ing of data tracks such that the system cannot optimize 
the data recording function without impacting on the ser- 
vo function. Conversely, the system can not optimize the 
servo function without impacting the data recording 
function. 5 

Solution 

[001 1 ] The above described problems are solved and 
a technical advance achieved by the present optical ser- 10 
vo system for a tape drive that functions to align a read/ 
write head with the data tracks written on a recording 
surface of a tape by reading optical servo tracks that are 
formed on the back side of the tape. This process de- 
couples the magnetic recording of data on the recording is 
surface of the tape from the optical servo system which 
makes use of servo tracks formed on the back side of 
the tape to position the read/write head. For example, 
the recording formats of the data can be altered and the 
number of data tracks can be changed without impact- 20 
ing the optical servo system. The servo system can ac- 
commodate a wide range of recording format changes 
within its signal processing algorithms without modifying 
its servo tracks. In addition, the data storage capacity 
of the tape is increased since the entire recording sur- 25 
face of the tape is filled with data tracks and precise 
alignment of the read/write head with the data tracks 
makes it possible to place the data tracks closer togeth- 
er. 

[001 2] The tape used in this system has magnetic da- 30 
ta tracks recorded on the front side of the tape and op- 
tical servo tracks, comprising regions of differing reflec- 
tivity or phase, formed on the back side of the tape. Al- 
though current magnetic media types could be utilized, 
the servo track reading and writing processes explained 35 
below are optimized by the use of a media with a second 
side optically tuned to have high contrast or phase 
change at the read lumination wavelength and high write 
sensitivity at the servo track writing wavelength. A mag- 
netic read/write head that is positioned juxtaposed to the 40 
front side of the tape reads data from and writes data to 
the data tracks while the optical servo system reads ser- 
vo data from the servo tracks that are formed on the 
back side of the tape. The requirement for close data 
track-to-servo track spacing is met by having the servo 45 
tracks located immediately behind the data tracks. Re- 
gions of contrasting reflectivity or phase are also provid- 
ed on a surface of the read/write head to enable the op- 
tical servo system to view an image of both the read/ 
write head and the entire back side of the tape to thereby 50 
align the movable read/write head with the data tracks. 
The head's optical features may be formed by numerous 
means known to those familiar with the art including in- 
tegration into the head structure itself or affixing a sec- 
ondary structure to a head surface. An optical sensor ss 
array generates electrical signals indicative of the re- 
ceived image which are then used by a digital signal 
processor to determine the required alignment of the 
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read/write head with the data tracks. Once the proper 
alignment is determined, the digital signal processor 
generates a position error signal that in turn is fed to the 
servo amplifier which drives an actuator to align the 
movable read/write head with the data tracks. 
[001 3] The use of the two sources of optical data from 
the read/write head and the tape media improves the 
accuracy, performance and reliability of the data track 
to read/write head alignment while simplifying the entire 
servo system. Using this approach, all optical compo- 
nents can be fixed in place. Since the servo system 
"closes the loop" around the tape and head optical fea- 
ture alignment, system alignment and calibration re- 
quirements are eased. Fault tolerance to damaged tape 
and/or head optical features is facilitated by the availa- 
bility of redundant optical information - a plurality of op- 
tical features exist on both the tape and the head. Fur- 
thermore, because this system locates the entire width 
of the tape with respect to the head, servo information 
is always available to quickly re-establish head-to-tape 
alignment (i.e. "track following") should it be lost during 
drive operations. Interchange, the ability to read a given 
tape on a population of tape drives, is facilitated by the 
servo system's ability to image the mechanical relation- 
ship between tape and head immediately after the tape 
is loaded into the drive and make appropriate offset ad- 
justments in the head's static position. The immediate 
availability of this offset information results in a reduced 
tape load time. This reduction, in turn, results in higher 
overall job throughput for the drive in a repetitive tape 
loading environment - such as is commonly seen when 
robots are used to mount and dismount tapes in the 
drive. 

[0014] The optical servo tracks are not subject to 
magnetic erasure. Accidental magnetic damage is elim- 
inated thus increasing data recovery reliability. Bulk 
magnetic erasure of the tapes facilitates their reuse by 
reducing old data noise sources, improving data secu- 
rity by eliminating old data and providing an economic 
benefit over new tapes. 

Brief Description Of The Drawings 

[0015] 

Figure 1 illustrates in block diagram form the 
present optical servo system for a tape drive; 
Figure 2 illustrates the waveform signal output from 
the image system of the present optical servo sys- 
tem for a tape drive; 

Figure 3 illustrates in block diagram form the system 
for forming the servo tracks on the tape for use by 
the present optical servo system for a tape drive; 
and 

Figure 4 illustrates in flow diagram form the opera- 
tion of the present optical servo system for a tape 
drive. 
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Detailed Description 

[0016] The present optical servo system for a tape 
drive operates with a tape that has data tracks written 
on a recording surface (first side) of the tape and optical 5 
servo tracks formed on the back side (second side) of 
the tape. An optical servo system reads the servo tracks 
on the second side of the tape and optical features on 
the read/write head to determine the alignment between 
a read/write head with data tracks on the first side of the w 
magnetic tape. The digital signal processor generates 
control signals indicative of the adjustments needed to 
align the read/write head with the data tracks, the head 
actuator responds to the amplified signals and moves 
the read/write head to the desired position. is 

Optical Servo System For A Tape Drive 

[0017] Figure 1 illustrates in block diagram form the 
present optical servo system for a tape drive 600 and 20 
Figure 4 illustrates in flow diagram form the operation of 
this system. The present optical servo system for a tape 
drive 600 operates to align tape 1 00 and read/write head 
605 of the tape drive as tape 1 00 passes over read/write 
head 605. The remaining mechanical elements of the 25 
tape drive are not illustrated herein for the purpose of 
simplicity of description. The read/write head 605 is 
movable and its position is determined by actuator 611 , 
which operates under control of the present optical ser- 
vo system for a tape drive 600 as directed by the drive 30 
processor 61 2. The tape 1 00, for the purpose of this de- 
scription, is a magnetic tape that has a recording surface 
on a first side 102 and a second side 101 that is used 
for positioning information. This process begins with the 
drive processor 612 issuing a track position request at 35 
step 901. 

[0018] The tape 1 00 has formed on the second side 
101 thereof a plurality of parallel aligned servo tracks 
1 1 0 that are used to precisely identify the position of the 
data tracks written on the first side 1 02 of the tape 1 00. 40 
The optical servo system for a tape drive 600 reads one 
or more of the servo tracks 110 at the point that tape 

100 is directly over read/write head's optical features 
650. This is accomplished by the Light Emitting Diodes 
(LEDs) 601 -604 each generating a beam of light that is 
directed onto tape 1 00 and read/write head 605 by mir- 
ror 1 20. The servo tracks 1 1 0 formed on the second side 

101 of tape 100 represent areas of differing reflectivity 
or phase and the image of the second side 1 01 of tape 

1 00 and the optical features 650 on the face of the read/ so 
write head 605 extending beyond tape 1 00 is reflected 
back onto mirror 120. This reflected image is directed 
by mirror 120 through lens 606 onto sensor array 607. 
Sensor array 607 is an imaging device, such as a linear 
Charge Coupled Device (CCD) imaging array, that func- 55 
tions to capture the reflected image and convert the re- 
flected image into an electrical signals at step 902. The 
generated electrical signal, indicative of the image con- 



tent, is transmitted to interface circuit 615, which pro- 
duces an analog signal that is transmitted to an analog 
to digital converter 608 to create a digital representation 
of the image at step 903. A digital signal processor 609 
receives this digital representation of the image and al- 
gorithmically determines the alignment of the read/write 
head 605 with the data tracks from the digital image at 
step 904. The digital signal processor 609 compares this 
current head position alignment with the drive proces- 
sor's requested position from step 901 and then deter- 
mines the direction and the distance that the read/write 
head 605 must be moved to meet the new position re- 
quest. The digital signal processor 609 at step 906 gen- 
erates a position error control signal that defines this 
movement and transmits the signal to a servo amplifier 
61 0 at step 907 to control the operation of actuator 61 1 
to move the read/write head 605 in the direction needed 
to align the movable read/write head 605 with the data 
tracks at step 908. 

[001 9] While the read/write head 605 approaches the 
desired track position, the sensor array 607 continues 
to periodically update the tape-head image. This image 
signal is sent through processing blocks 61 5 t 608 to the 
digital signal processor 609. The digital signal processor 
609 makes a new determination of read/write head 
alignment then reduces its position error signal to the 
servo amplifier 610 accordingly to slow the actuator's 
movement of the head. This sampling process (steps 
902-908) repeats itself until the head is in the desired 
position. At this point, the system "track follows" by con- 
tinuing to detect small misalignments between the head 
and the desired track and signaling the actuator 611 to 
make corrections to the head's position to keep it pre- 
cisely aligned (while still continuing to repeat steps 
902-908). This process continues until a new request 
(step 901 ) is received from drive processor 61 2 to move 
to a new track position. The drive processor's new po- 
sition request is compared by the digital signal proces- 
sor 609 (at step 904) to the current read/write head po- 
sition and a new position error signal is generated (at 
step 906) and sent to the servo amplifier 61 0 (step 907). 
The actuator 611 begins to move the read/write head 
605 (step 908) while the sensor array 607 allows the 
servo system to monitor progress toward achieving the 
new head position by periodically updating the tape- 
head image. The image is sent through processing 
blocks 615, 608 to the digital signal processor 609, 
where the position error signal is updated - this process 
repeats until the new head position is attained and track 
following begins (steps 902-908). 
[0020] As is known in the art, for fastest performance, 
the actuator's acceleration is dependent upon the dis- 
tance it is required to travel - large repositioning creates 
the largest acceleration/deceleration. Small track fol- 
lowing re-positioning results in the smallest accelera- 
tion/decelerations and the greatest positional precision. 
In addition, the configuration disclosed herein is illustra- 
tive of the inventive concept and other optical configu-' 
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rations are welt within the design capabilities of one 
skilled in the art. 

Image Content 

[0021 ] An example of the image 700 captured by the 
present optical servo system for a tape drive 600 is il- 
lustrated in FIG. 2. Image 700 represents a sample of 
all of the pixels that are generated by sensor array 607. 
For the purpose of illustration, the image size is selected 
to be 5,000 pixels, with the horizontal axis of the diagram 
of Figure 2 representing the individual pixels, and the 
vertical axis representing the signal magnitude of the se- 
lected pixel. The diagram also includes notations along 
the top of the pixel chart to indicate the typical extent of 
the tape 100 in the image 700. In addition, the image 
700 is divided into five regions: read/write head image 

701 , boundary between read/write head and tape image 

702, tape image 703, boundary between read/write 
head and tape image 704, read/write head image 705. 
These various regions are individually discussed below. 
[0022] Areas 701 and 705 are region of the read/write 
head image and comprise approximately the first and 
last 500 pixels of image 700. The variations in signal 
strength illustrated by the continuous curve of Figure 2 
represents the presence of the contrasting markings 
650 located on the surface of read/write head 605. Since 
the read/write head 605 is the sole source of this portion 
of the image, the variations are regular and map to the 
contrasting markings 650. Areas 702 and 704 represent 
the boundary between read/write head and tape image. 
An expanded view of area 702 illustrates the image re- 
ceived from the edge of tape 1 00. Within area 702, from 
about pixel 500 to about pixel 700, the contrasting re- 
gions are from the contrasting markings 650 located on 
the surface of read/write head 605 near the edge of tape 
1 00. Region 71 2, from about pixel 700 to approximately 
pixel 900, indicates the edge region of tape 100 that 
does not contain optical data. Area 71 3 from approxi- 
mately pixel 900 to approximately pixel 1200 has inter- 
mittent regions of high and low reflectivity or phase. In 
this example, the regions of low reflectivity indicate in- 
dividual tracks of the servo track group 1 1 0. Finally, area 
703 includes pixels from approximately pixel 1200 
through approximately pixel 3800 and is an image of 
contrasting reflectivities or phases representing the ser- 
vo tracks 110 formed on the second side 101 of tape 
100. 

Method of Aligning 

[0023] Applying conventional pattern recognition 
methods to image data from step 903, the digital signal 
processor 609 calculates the position error signal 906 
by first establishing accurate measurements of the rel- 
ative positions, in pixels, of the optical features found on 
the magnetic head and tape. Because of the tracking 
accuracy required by the tape drive may be more strin- 



gent than the pixel-to-pixel resolution in the image data, 
sub-pixel measurement accuracy is needed. This accu- 
racy is achieved by averaging the contributions to a giv- 
en position measurement from as many features in the 

5 image data as possible. The digital signal processor 609 
must utilize all of the image data for the magnetic head 
optical features, 701 and 705, to yield an accurate 
measurement of the magnetic head position. Similarly, 
many optical tracks 703 must be read and the data av- 

10 eraged to obtain an accurate measurement of a given 
magnetic track on tape. One method of utilizing all the 
data in an image subset is to use the correlation algo- 
rithm where an image subset is compared to a reference 
signal stored in memory. The resulting correlation coef- 

1$ ficient indicates a best fit when the reference signal is 
optimally aligned with the image subset. The reference 
signals can be based on typical signals experienced by 
many such tape drives and stored in non-volatile mem- 
ory or can be based on actual signals obtained by a giv- 

20 en tape drive during initial machine calibration or peri- 
odic re-calibrations between tape loads. 
[0024] Once the optical features are adequately de- 
termined, the magnetic head position is calculated by 
interpolation from those features, 701 and 705. The 

25 magnetic track position is computed from the position of 
a plurality of the closest optical servo tracks from the set 
703. The position error signal sent to the servo amplifier 
61 0 at step 907 is the difference between the calculated 
magnetic head position and the desired magnetic track 

so position. 

Additional Features 

[0025] The optical servo system for a tape drive 600 
35 can provide additional capabilities beyond the provision 
of read/write head positioning information. Auxiliary in- 
formation formed on the second side 101 of tape 100 
can include encryption/authentication data, tape identi- 
fication data or even maintenance information and read 
40 only data. For example, reflectivity or phase parameters 
can be recorded on tape 100 to indicate the initial state 
of tape 1 00 as well as manufacturing data. The optical 
servo system for a tape drive 600 can then measure the 
present optical characteristics of tape 1 00 to thereby ob- 
45 tain a measure of the wear on tape 1 00. Furthermore, 
optical servo system for a tape drive 600 can view the 
image or read/write head 605 in its entirety between 
loads of tape 100 to verify head integrity and identify any 
optical feature defects. 
50 [0026] The servo tracks 110 can perform a simple 
read/write head positioning function or can be coded to 
provide data relating to longitudinal positioning of tape 
100 to enable high speed searching of tape 100, which 
data can also be used for tape velocity determination. 
55 This auxiliary information is encoded into the servo 
tracks during the servo track writing process using mod- 
ulation that can be separated out from the basic servo 
signals by the digital signal processor 609. The auxiliary 
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information is then supplied to other drive or system 
processes in step 909. 

Servo Track Write System 

[0027] A system for writing optical servo tracks 400 
on tape 100 is illustrated in Figure 3. The system for 
writing optical servo tracks 400 writes the set of optical 
servo tracks 110 in one pass of tape 100 through the 
system for writing optical servo tracks 400. The system 
for writing optical servo tracks 400 includes a laser 415 
that focuses a beam of light into beam expander 412. 
The expanded beam output by beam expander 41 2 is 
extended through hologram 411 which splits the beam 
into a plurality of individual beams 404-409, which are 
focused onto tape 100 by lens 410. The exact number 
of beams is a design choice. However, the accuracy of 
the alignment of the read/write head 605 and the second 
side 1 01 of tape 100 improves as the number of optical 
servo tracks 110 increases. Therefore, it is desirable to 
place as many servo tracks 301 -306 on tape 1 00 as pos- 
sible. Increasing the number of servo tracks to be simul- 
taneously written on the media is facilitated by the use 
of media whose second side 101 is optically tuned to 
laser 41 5's wavelength. The plurality of beams 404-409 
forms parallel aligned, optical servo tracks 301 -306 onto 
the second side 1 01 of tape 1 00 as tape 1 00 is passed 
under the beams 404-409. Rollers 401-403 move tape 
100 under the focused beams 404-409 at a constant 
speed on the second side 101 of tape 1 00 to ensure that 
the optical servo tracks 110 have the same consistency. 
[0028] The laser beams 404-409 can be used to write 
auxiliary data on the servo tracks 11 0 by programming 
laser 415 to intermittently extinguish. The intermittent 
extinguishing (modulation) of the beam causes the ser- 
vo optical tracks 110 to be written intermittently in a 
specified pattern on side 101 of tape 100. This auxiliary 
data can be used by the present invention to determine 
tape speed, alignment, defect detection and other at- 
tributes of the tape being read, as noted above. In the 
alternative, a plurality of lasers can be used to write the 
optical servo tracks. The lasers could also be of different 
intensities to change the reflectivity or phase of individ- 
ual tracks or the beams from the lasers can be of varying 
widths to change the width of the formed servo tracks 
to allow recognition of different sections of tape. 



Claims 

1 . An information storage media comprising magnetic 
data information on a first side thereof, and optical 
servo information on a second side thereof, wherein 
the second side is devoid of said magnetic data in- 
formation. 

2. A media carrier comprising an information storage 
media as claimed in Claim 1 . 



3. A tape library comprising a plurality of media carri- 
ers, at least one of said plurality of media carriers 
comprising an information storage media as 
claimed in Claim 1 . 

5 

4. A method of using an information storage media as 
claimed in Claim 1 , and comprising the steps of: 

reading at least a portion of said optical servo 
information from said second side; and 
aligning, in response to said read optical servo 
information, a head with at least a portion of 
said magnetic data information on said first 
side. 

5. A method as claimed in Claim 4, wherein said read- 
ing step comprises reading at least one optical ser- 
vo feature reflected from said second side. 

6. A method of aligning a head with a storage media, 
comprising the steps of: 

reading at least one optical feature reflected 
from the storage media; 
reading at least one optical feature reflected 
from the head; and 

aligning the head to the storage media based 
upon the at least on optical feature reflected 
from the storage media and at least one optical 
feature reflected from the head. 

7. A system for aligning a head with at least one of a 
plurality of data tracks written on a first side of a data 
storage media as said media passes over said 
head, wherein said media also includes optical ser- 
vo features formed on a second side of said media, 
said system comprising: 

an optical circuit that detects at least a portion 
of said optical servo features reflected from 
said second said media; and 
an electrical circuit, operative ly coupled to said 
optical circuit, that aligns said head with said at 
least one of a plurality of data tracks in re- 
sponse to said detected optical servo fields. 

8. A method for aligning a head with at least one of a 
plurality of data tracks written on a first side of a data 
storage media as said media passes over said 
head, wherein said media also includes optical ser- 
vo features formed on a second side of said media, 
comprising the steps of: 

reading at least a portion of said optical servo 
features reflected from said second side of said 
media; and 

aligning, in response to said read optical servo 
features, said head with said at least one of a 
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plurality of data tracks. 

9. A data storage device comprising a storage media 
for storing data thereon, said storage media com- 
prising: 

a first side comprising data fields but devoid of 
servo fields; and 

a second side comprising servo fields but de- 
void of magnetically readable data fields. 

10. A media drive having a head arranged for reading 
and writing the storage media of Claim 9, the drive 
comprising: 

a first circuit that detects at least a portion of 
said servo fields from said second side of said 
storage media; and 

a second circuit, operatively coupled to said 
first circuit, that adjusts said head for reading 
and writing at least a portion of said data fields 
on said first side of said storage media in re- 
sponse to said detected servo fields. 

11 . A media drive as claimed in Claim 1 0, wherein said 
first circuit comprises an optical detection circuit. 

12. A media drive as claimed in Claim 1 1 , wherein said 
detected servo fields are reflected off said second 
side of said storage media. 

13. A magnetic recording tape, comprising: 

a magnetic storage medium formed on a first 
surface, the magnetic storage medium for de- 
fining a plurality of longitudinal data tracks; and 
an optical servo pattern formed on a second 
surface, the second surface being devoid of 
magnetically readable data tracks, the optical 
servo pattern indicating lateral displacement of 
the magnetic recording tape from a nominal lat- 
eral location of said magnetic recording tape 
during movement of said magnetic recording 
tape across a magnetic head. 

14. A tape drive including means for aligning a read/ 
write head with a selected set of a plurality of data 
tracks written on a first side of a tape as said tape 
passes over said read/write head, wherein said 
tape also includes optical servo features formed on 
a second side of said tape, the said means for align- 
ing comprising: 

an optical circuit that detects at least a portion 
of said optical servo features reflected from 
said second side of said tape; and 
an electrical circuit operatively coupled to said 
optical circuit, that aligns said read/write head 



with said selected set of a plurality of data 
tracks on said first side of said tape in response 
to said detected optical servo features. 

5 15. A method of aligning a read/write head with a se- 
lected set of a plurality of data tracks written on a 
first side of a tape as said tape passes over said 
read/write head, wherein said tape also includes 
optical servo features formed on a second side of 
said tape, said method comprising the steps of: 

reading at least a portion of said optical servo 
features reflected from said second side of said 
tape; and 

aligning, in response to said read optical servo 
features, said read/write head with said select- 
ed set of a plurality of data tracks on said first 
side of said tape. 



15 



20 



25 



30 



35 



40 



45 



50 



8 



EP1 117 092 A2 




9 



EP1 117 092 A2 




10 



EP1 117 092 A2 




11 



EP1 117 092 A2 



/ 



\ 



902- 



903- 



904- 



906 • 



907- 



908 1 



TAPE-HEAD ANALOG 
IMAGE CAPTURE 
FROM SENSOR 607 



PROCESS AND 
DIGITIZE IMAGE 
615, 608 



DSP 609 DETERMINES 
READ/WRITE HEAD 

POSITION. COMPARES 
EXISTING POSITION 
TO NEW POSITION 



DPS GENERATES 
POSITION ERROR 
SIGNAL (PES) 



T 



PES SENT TO 
SERVO AMPLIFIER 
610 



SERVO AMPLIFIER 
DRIVES ACTIVATOR 6TI 
TO (RE) POSITION: HEAD 



a. 
o 

S 

Q 
LU 

s 



901 



NEW TRACK POSITION 
REQUEST FROM DRIVE 
PROCESSOR 612 



POSITION STATUS 
TO DRIVE PROCESSOR 



905 



OUTPUT AUXILIARY 
DATA TO OTHER 
PROCESSES/SYSTEMS 



V 

909 



\ 



\ 



/ 



FIG. 4 



12 



(19) 




Europaisches Patentamt 
European Patent Office 
Office euro pee n des brevets 



(12) 



(11) EP 1 1 17 092 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

31.10.2001 Bulletin 2001/44 

(43) Date of publication A2: 

18.07.2001 Bulletin 2001/29 

(21) Application number: 01109626.0 

(22) Date of filing: 30.1 1 .1 998 



(51) IntCU: G11B 21/08, G11B 21/10, 
G11B 27/26, G11B 15/08, 
G1 1B 5/55, G11B 5/584, 
G11B 27/24 



(84) 


Designated Contracting States: 


(72) inventors: 




DE FR 


• Leonhardt, Michael Lawrence 






Longmont, Colorado 80503 (US) 


(30) 


Priority: 01.12.1997 US 980723 


• Wilson, Scott David 






Westminster, Colorado 80234 (US) 


(62) 


Document number(s) of the earlier application(s) in 






accordance with Art. 76 EPC: 


(74) Representative: W.P. THOMPSON & CO. 




98961832.7/1 036 392 


Celcon House 






289-293 High Holborn 


(71) 


Applicant: STORAGE TECHNOLOGY 


London WC1V7HU(GB) 




CORPORATION 






Louisville, CO 80028-0001 (US) 





(54) Information storage medium and method of using same; tape library; method and system 
for aligning a head with a storage medium; data storage device and media drive; magnetic 
recording tape; tape drive 



(57) The optical servo system for a medium drive 
(600) can provide additional capabilities beyond the pro- 
vision of read/write head positioning information. Auxil- 
iary information formed on the second side (1 01 ) of tape 
(100) can include encryption/authentication data, tape 
identification data or even maintenance information and 
read only data; parameters can be recorded on tape to 
indicate its initial state as well as manufacturing data. 
The optical servo system for a tape drive (600) can then 
obtain a measure of the wear on tape. Furthermore, the 
system can view the image of head between loads of 



tape to verify head integrity and identify any optical fea- 
ture defects. 

The servo tracks (110) can be coded to provide data 
relating to longitudinal positioning of tape to enable high 
speed searching or be used for tape velocity determina- 
tion. This auxiliary information is encoded into the servo 
tracks during the servo track writing process using mod- 
ulation that can be separated out from the basic servo 
signals by the digital signal processor (609). The auxil- 
iary information is then supplied to other drive or system 
processes in step (909). 
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